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PLANT GENE SPECIFYING ACETYL COENZYME A 
CARBOXYLASE AND TRANSFORMED PLANTS CONTAINING SAME 



10 



This invention relates to a plant gene specifying the 
enzyme acetyl Coenzyme A carboxylase (ACCase) and to 
plant genomes genetically transformed with the said gene. 
Particularly, but not exclusively, the invention relates 
to ACCase genes from plants of the Brassica species, 
especially Brassica naous (oilseed rape) and control of 
expression of the gene by Brassica plants which are 
genetically transformed with the gene or its antisense 
configuration . 

Acetyl Coenzyme A carboxylase is one of the genes 
involved in the synthesis of oil by oil-producing crops 
such as oilseed rape. Variation of the expression of 
that gene leads to alteration in the quantity and/or 
quality of the oil produced. 
15 An object of the invention is to provide a gene 

specifying ACCase in plants. 

According to the present invention there are provided 
partial cDNAs specifying ACCase, isolated from seed of 
Brassica napus, having the nucleotide sequences set forth 
20 in Figures 6 and 12, and variations thereof permitted by 
the degeneracy of the genetic code. 

The invention further provides the partial cDNA, 
isolated from wheat germ, having the nucleotide sequence 
set forth in Figure 4, and variants thereof permitted by 
the degeneracy of the genetic code. 

Also provided by this invention is the full length 
genomic DNA specifying ACCase from Arabidopsis thaliana 
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having the nucleotide sequence set forth in Figure 8, and 
variants thereof permitted by the degeneracy of the 
genetic code. 

The invention further provides the following clones, 
inserted in Escherichia coli. strain DH« hosts, which 
have been deposited with the National Collection of 
Industrial & Marine Bacteria, 23 St. Machar Road, 
Aberdeen, AB2 Iry, United Kingdom, on 25th March 1993, 
under the provisions of the Budapest Treaty on the 
Deposit of Microorganisms for Patent Purposes, details of 
which are as follows: 

1 * Plasmid pKlll, Accession No. NCIB 40553 

2 * Plasmid pKLU81, Accession No. NCIB 40554 

3 ' Plasmid pRSl, Accession No. NCIB 40555 

The present invention also provides genetically 
transformed plants, plant cells and plant parts, 
containing a DNA of the invention or fragment thereof in 
sense orientation or a complete or partial sense or 
antisense variant thereof. 

It is preferred that the plant be of a species which 
produces substantial quantities of oil, rather than 
starch. such plant species are well known and are simply 
referred to as "oil-seed" crops and include, oilseed 
rape, canola, soya and sunflower. Methods for the 
genetic transformation of many oil crops are known; for 
example, transformation by Agrobacterium tumefaciens 
methods are suitable for most. Such methods are 
well-described in the literature and well-known and 
extensively practised in the art. 

In our International Patent Application Number WO 
92/19747, published on 12th November 1992, we describe 
the biosynthesis of polyhydroxybutyrate from the 
substrate, acetyl-CoA. This activity involves three 
enzyme- catalysed steps. The three enzymes involved are 
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0-ketothiolase , NADP linked ace toacetyl-CoA reductase, 
and polyhydroxybutyrate synthase, the genes for which 
have been cloned from Alcaliqenes eutrophus (Schubert et 
al, 1988, J Bacteriol, 170). In our international 
5 application we describe the cloning of these three gene 

into oil-synthesising plants. 

However, the synthesis of fatty acids which are the 
building blocks of plant oils utilise the substrate 
acetyl Coenzyme A which is the same substrate required by 
10 the polyhydroxyalkanoate genes. By virtue of the present 
invention we provide means for down-regulating the fatty 
acid synthesis by inhibiting ACCase thereby leaving the 
acetyl CoA available for conversion to 
polyhydroxyalkanoates . 
15 Methods for the regulation of gene expression are 

well-known in the art. Two principal methods are 
commonly employed, these being referred to loosely as 
"sense" and "antisense" regulation. In antisense 
regulation a gene construct is assembled which, when 
20 inserted into a plant cell, results in expression of a 
messenger RNA which is of complementary sequence to the 
messenger produced by a target gene. The theory is that 
the complementary RNA sequences form a duplex thereby 
inhibiting translation to protein. The complementary 
25 sequence may be equivalent in length to the whole 

sequence of the target gene but a fragment is usually 
sufficient and is more cnvenient to handle. In sense 
regulation a copy of the target gene is inserted into the 
plant genome. Again this may be a full length or partial 
30 sequence. A range of phenotypes is obtained from which 
individuals in which the expression of the protein 
encoded by the target gene is inhibited may be identified 
and isolated as may individuals where expression of the 
gene product is increased. Sense regulation using 
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partial sequences tends to favour inhibition. The 
mechanism is not well understood. Reference is made to 
European Patent Application No. 140,308 and united States 
Patent 5,107,065 which are both concerned with antisense 
regulation and International Patent Application No WO 
90/12084 which describes sense regulation. The invention 
permits the following genetic modifications to be 
effected: 

1. The clones of the invention may be used to probe 
plant DNA ( genomic or cDNA libraries) to obtain 
homologous sequences. These may be truncated or full 
length cDNAs or genomic DNAs for ACCase genes from, for 
example, wheat, or oil crops such as rape, canola, soya, 
sunflower, maize, oil palm and coconut. 
15 2. Partial cDNAs of rape seed ACCase may be used in 

conjunction with a plant-recognised promoter to create an 
expression cassette (partial sense or antisense) for use 
in transforming rape plants to down-regulate production of 
the ACCase enzyme. This will give plants 
with a lower oil content or oil of altered quality. The 
same cassette can be used to down-regulate the production 
of ACCase enzyme in other plants of the Brassica species 
CDNAs isolated from other crops can be used to create 
expression cassettes (partial, sense or antisense) for use 
in transformation of these crops in order to modify the 
oil content. 

Down-regulation of oil synthesis (in rape or other 
oil crops) can be used to divert the substrate, acetyl 
Coenzyme A, into synthesis of alternative storage 
materials such as starch, protein, or novel polymers 
introduced by genetic modification, for example 
polyhydroxyalkanoates . 

3. Full length clones of rape or Arabido Ps j s ACCase 
DNA can be used to create expression cassettes, either 
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with powerful promoters, or by inserting extra gene 
copies, to promote over-expression of ACCase in rape or 
other oil crops, leading to plants with enhanced oil 
content in the seed. The ACCase DNA may also be put under 

5 the control of a seed-specific promoter such as the napin 

promoter, which has a different window of expression from 
the ACCase promoter during seed development. In this way 
the period over which ACCase is expressed in the 
developing seed is extended, and the oil content of the 

10 seeds increased. 

4. Genomic DNAs of rape ACCase can be used to recover 
the promoter of the ACCase gene. This promoter can be 
used to generate RNA in a tissue-specific and 
developmentally regulated fashion. The promoter so 

15 generated may promote the expression of ACCase, or it may 
control the expression of a gene construct placed after it 
(for example the structural gene of a different enzyme) 
which will then be expressed specifically in the 
developing seed. 

20 5. The full length cDNA and genomic DNA of rape or 

Arabidopsis ACCase contain a sequence between the 
translation start site and the N-terminal sequence of the 
mature protein, known as a "transit peptide" sequence. 
This directs the gene product to the plastids and is 

25 cleaved off during import of the protein into the 

plastids. This transit peptide sequence may be used in 
gene fusions to direct different gene products to the 
plastids . 

6. Monocotyledonous plants, such as wheat, barley, 
30 maize and rice, are normally sensitive to the 

aryloxyphenoxy- propionate and alkylketone herbicides to 
which the dicotyledonous plants are normally resistant. 
Monocots with resistance to these herbicides may be 
created by: 
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(a) transforming ACCase from a dicotyledonous species such 
as rape and Arabidopsis , into the monocot genome; 

(b) overexpression of the ACCase in a monocot; or, 

(c) mutagenesis of ACCase and insertion of the mutant 
5 gene into a monocot. 

7. It is believed that ACCase activity exists in both 
the plastid and the cytosol . Partial cDNAs of rape seed 
ACCase of this invention may be used in conjunctipon with 
a plant-recognised promoter to create an expression 

10 cassette (partial sense or antisense) for use in 

transforming plants to down-regulate production of the 
cytosolic ACCase. This will alter oil quality by 
inhibiting production of long chain fatty acids) chain 
length greater than about C18). 

15 8. A second plastid form of ACCase has been 

identified in plants. This ACCase is composed of 
dissociable sub-units for transcarboxylase , biotin carrier 
protein (BCP) and biotin carboxylase (BC). The 
transcarboxylase gene is encoded by the chloroplast 

20 genome; BCP and BC are nuclear encoded. Sequence homology 
between the cDNAs of the invention and the BCP and BC may 
be used to isolate BCP and BC. Sense and antisense 
constructs may be raised against BCP and BC in order to 
effect down-regulation of these genes. 

25 9- T he cDNAs of the invention may themselves have 

sufficient homology with the BCP and BC genes to be used 
directly for the down-regulation of these genes. 

We have prepared a poly dT primed cDNA library from 
developing rape seed and have obtained another from 

30 developing wheat embryo. These libraries have been probed 
with DNA fragments isolated earlier from a partial length 
maize leaf ACCase DNA (pA3) and partial length cDNA clones 
specifying rape seed ACCase (pRSl) and wheat germ ACCase 
(pKlll) have thereby been selected and sequenced. 
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A DNA fragment isolated from the partial length rape 
ACCase DNA was then used to probe a genomic DNA library 
prepared from Arabidopsis thaliana and a full length 
Arabidopsis genomic DNA selected and sequenced* 

The sequence of the Arabidopsis genomic DNA was used 
to generate specific probes by PCR. These were used to 
screen a random primed cDNA library from rape seed and twc 
further rape ACCase partial cDNAs were thus isolated. 

The full length Arabidopsis ACCase genomic DNA may 
then be used to probe a genomic library from rape and the 
full length rape ACCase genomic DNA selected and 
sequenced . 

That the clones were indeed of ACCase genes was 
confirmed as follows: 
15 The deduced amino acid sequence for wheat ACCase cDNA 

shows complete homology in four regions of sequence to the 
amino acid sequences obtained from four peptides isolated 
from the ACCase enzyme purified from wheat embryo. The 
deduced amino acid sequence shows high homology with both 
20 the rat and chicken ACCase genes. High homology at the 
amino acid level with maize leaf ACCase was found, with 
two sections of 48 amino acids completely conserved. 

The deduced amino acid sequence from the rape seed 
partial cDNA {pRSl) sequence shows high homology to the 
25 sequences of the maize leaf cDNA and the chicken, rat, 
yeast and algal ACCase genes. 

The deduced amino acid sequence from the Arabidopsis 
genomic DNA shows high homology with the rat, chicken and 
yeats ACCase genes. High homology with the amino acid 
sequence of the rape seed ACCase partial cDNA (pRSl) was 
found, with one section of 48 amino acids almost 
completely conserved. 

The invention will now be described with reference to 
the accompanying drawings which show: 
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Figure 1 shows the elution profiles of wheat embryo 
ACCase from Q-sepharose (Figure 1A) and Blue-Sepharose 
(Figure IB) during purification of the enzyme. The dotted 
line represents the sodium chloride gradient concentration 
and the activity of ACCase, represented by the boxes, was 
measured as described hereinbelow; 

Figure 2A shows an SDS PAGE gel of wheat embryo 
ACCaseshowing the alteration in mobility caused by the 
binding of streptavidin . Lane 1 contains 500ng myosin 
(200kDa); lane 2 contains 10pl Post Blue-sepharose 
material without Streptavidin; and, lane 3 contains 10 
//lPost Blue-sepharose material with streptavidin. ACCase 
is indicated by asterisks (*) at its normal migration and 
that of the ACCase/streptavidin complex respectively. 

Figure 2B shows an SDS PAGE gel of purified wheat 
embryo ACCase, with the 220kd band taken for sequencing 
indicated. Lane 1 contains 1 M 1 Post Blue-sepharose 
material and lane 2 contains 10 pi Post Blue-sepharose 
material; 

Figure 3 shows a comparison of four sections of amino 
acid sequence deduced from the pKlll wheat ACCase cDNA 
with the amino acid sequences obtained from four peptides 
isolated from the purified wheat embryo ACCase enzyme; 

Figure 4 shows the sequence of the sense strand of the 
25 wheat embryo ACCase clone pKlll, with three-phase 

translation shown. The sequences homologous with the 
peptide amino acid sequences are underlined; 

Figure 5 shows a dot matrix plot of the deduced amino 
acid sequence of wheat ACCase clone pKlll against that of 
30 the maize ACCase clone pA3 ; 

Figure 6a shows the derived amino acid sequence from 
the rape cDNA encoding the transcarboxylase domain of 
ACCase. The amino acid sequence is translated from the 
first open reading frame shown pictorially. The full 
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vertical lines represent stop codons and the half vertical 
lines ATG sequences. Figure 6b shows the nucleotide 
sequence of the cDNA clone pRSl, corresponding to the 
trans carboxylan domain of ACCase. 

Figure 7 shows the rape transcarboxylase domain 
comparison with known ACCase sequences. The Dot Matrix 
5 (DNA Strider, Stringency 9 Window 21) of derived rape 

ACCase amino acid sequence (transcarboxylase domain) is 
compared against rat, yeast and algal ( Chlorella ) ACCase. 

Figure 8 shows the 5' sequence from the sense strand 
of the Arabidopsis genomic subclone pKLU81, with three 
10 phase translation shown. 

Figure 9 shows the 3' sequence from the sense strand 
of the Arabidopsis genomic subclone pKLU81, with three- 
phase translation shown. 

Figure 10 shows a comparison of the Arabidopsis pKLU81 
15 5' translated open reading frame with the sequences of 
rat and chicken ACCase genes obtained from SWISSPROT 
database • 

Figure 11 shows the assignment of domain order to 
higher plant ACCase. Figure 11A is a schematic diagram 
20 showing the yeast ACCase domain orders relative to the 
sequenced regions (hatched boxes) of the Arabidopsis 
genomic clone. The areas of sequenced genomic clone are 
named A-F for easy identification in the text. 

In figure llBi ) the translated open reading frame from 
25 area Aii is shown in direct comparison with a region from 
the biotin carboxylase domain of yeast. Boxed regions 
represent amino acid identity. 

In figure llBii) the translated open reading frame 
corresponding to the biotin binding site in area C is 
shown in direct comparison with the biotin binding site of 
yeast. Boxed regions represent amino acid identity. 

Figure llBiii) shows a DNA sequence comparison by dot 
matrix (DNA Strider, Stringency 15 Window 23) of the rape 
transcarboxylase domain of ACCase and areas E/F from the 



30 



3NSDOCID: <WO 9529246A1_L> 



WO 95/29246 



- 10 - 



PCT/GB94/00846 



Arabidopsis genomic clone. 

Figure 11C shows the nucleotide sequences of Regions 
A, Aii, B, C, D, E, F, Arabidopsis genomic clone pKLS2. 

Figure 12 shows the rape ACCase biotin binding domain 
sequence. 

Figure 12Ai ) shows the derived amino acid sequence 
5 from the rape cDNA encoding the ACCase biotin binding 

domain. The actual biotin binding site is shown 
underlined . 

Figure 12Aii) shows the direct comparison of the 
biotin binding site with that of the corresponding 
10 sequence of yeast ACCase. The boxed regions represent 
amino acid sequence identity. 

Figure 12B shows the dot matrix comparison (DNA 
Strider, Stringency 9 Window 21) of derived rape ACCase 
amino acid sequence (biotin binding domain) against yeast 
15 ACCase. 

Figure 12C shows the full combined nucleotide sequence 
of pRS6 and pRS8. 

Figure 13 shows ACCase Southern blot analyses of rape 
and Arabidopsis genomic DNA . Restrriction endonuclease 
digested DNA was hybridised to the Arabidopsis ACCase 
genomic clone by Southern blot. Hybridisation and washing 
20 conditions were carried out as described in materials and 
methods. The blot shown was exposed for 5 days, further 
exposure provided no extra information. Both X Hindlll and 
OX 174 Haelll DNA markers (indicated on the left hand 
side) were run on the same 1% gel and viewed by ethidium 
25 bromide staining/UV. 

Figure 14 shows Northern blot analysis of rape ACCase. 
In Figure 14A the graph shows the oil content as total 
fatty acid (mg/seed) in relation to the stage of rape 
embryogenesis . Details of the analysis method are 
30 presented in materials and methods. The three Northern 
blots shown, relating to the different stages of 
embryogenesis, are all derived from the same blot after 
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successive stripping. The probes used were as indicated in 
the text and the amount of polyA+ RNA was 5//g for each 
stage. Hybridisation and washing conditions were as in 
materials and methods. Exposure was for 7 days. 
5 in Figure 14B the probe used in the Northern blot 

shown was the rape transcarboxylase domain cDNA derived 
from an embryo library. l//g of poly a+RNA from 29 days 
post anthesis embryos and young leaf was used for the 
blot. Hybridisation and washing conditions were as in 
10 materials and methods. Exposure was for 7 days. Molecular 
weight markers were viewed by ethidium bromide/uv. 
MATERIALS AND METHODS 

1.0 Protein purificat ion and amino acid sequence data. 

1.1 Assay for ACCase 

15 Acetyl CoA Carboxylase activity was assayed by 

incorporation of radioactivity from 14 C- bicarbonate into 
non-volatile malonyl CoA (Hellyer et al 1986). 

1.2 SDS Polv -Acrylamide Gel Electrophoresis 

All SDS PAGE gels consisted of a 3% stacking gel with 
20 a 7.5% running gel on a mini Biorad Protean gel kit unless 
otherwise stated. The buffer system used was that of 
Laemmli et al (1970) unless otherwise stated. All gels 
used in separating peptides for sequencing were pre-run in 
the presence of 200//M thioglycolic acid in the running 
25 buffer. 

2.0 Clonin g for Whe at/Rape /Arab idops is ACCase 

2.1 Preparati on of competent XLl-Blue and KW251 
Escherichia coli cells XLl-Blue and KW251 cells were 

grown overnight in 50 ml LB media/0.2% Mai tose/SO^g/ml 
30 Tetracycline/10 mM MgS0 4 . The cells were spun down at 

3000 g for 10 mins and the cell pellet taken up in 2.5 ml 

10 mM MgS0 4 and stored at 4°C. Cells were used fresh for 

primary screening and no older than one week for 

subsequent screening. 

2.2 cDNA Libraries 

2.2.1 wheat 
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The cDNA library used (gift of Dr Charles Ainsworth, 
Wye College, London) was generated using the pooled RNA 
from whole developing grain of Chinese Spring harvested at 
3,5,7,10,15,25,30 and 35 days post anthesis. The cDNA was 

5 cloned into the EcoRI/XhoI site of X-ZAP II (Stratagene) 

and the host bacteria used was XL-lBlue (see 2.1 for 
preparations of cells). 
2.2.2 Rape 

( i ) cDNA Library from polyA+ RNA 

10 The cDNA library used was generated using the mRNA 

isolated according to the method of Logemann et al (1987) 
from mid stage developing Jet neuf rape embryos (harvested 
at approximately 35 days days post anthesis). The 1st 
strand synthesis was carried out using poly dT primers 

15 according to the manufacturers instructions (Amersham 

International). The resulting cDNA generated was cloned 
into the EcoRI/XhoI site of X-ZAPII as recommended by the 
manufacturers (Strater gene). The host bacteria used was 
XL-lBlue (see 2*1 for preparation of cells). 

20 ii) Random primed library 

5 //g of poly A+ mRNA from 35 day old (Post anthesis) 

Jet neuf rape embryo was used for the construction of a 

random primed cDNA library. The double stranded cDNA was 

prepared using a 1 in 10 dilution of pd(N)6 primers 

25 (0.74//g/ul) according to the instructions provided with 

TM 

Time Saver cDNA synthesis kit (Pharmacia). The library 
was prepared in XZapII and packaged with Gigapack II Gold 
packaging extract (Stratagene). The host E.coli strain 
used was XL-1 Blue (Stratagene). 
30 2.3 Genomic Libraries 

The Arabidopsis tha liana library used (a gift from Dr 
John Cowl, John Innes Institute, Norwich) was derived froir 
leaf total DNA in X FIX II and the host bacteria used was 
E . coli KW251 (see 2.1 for preparation of cells). 
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2.4 Probe preparation and labelling 

Plasmid DNA from pA3/DH5a (ICI derived) and pRSl/DH5a 
(se« results for a description of pRSl) was prepared by 
the Quagen tip method. Probe for the screening of Wheat 

5 and Rape cDNA libraries was generated by the digestion of 

lOpg pA3 with 20 U EcoRI or Hind III (New England 
Biolabs). The fragment isolated from the probe was 2.7 
and 1.54 kb in length respectively. Probe for the 
screening of the Arabidopsis genomic library was generated 

10 by a Xho I/Pst I (10 U of each) double digest of 10//g pRSl 
to give an isolated fragment size of 1.2 kb. All digests 
were carried out in Pharmacia's M one-Phor-All Buffer PLUS" 
at 37°C for 3 hours. Digests were separated by 1% TAE 
buffered agarose gel electrophoresis and the required 

15 fragments cut out from the gel. The DNA was obtained from 
the gel slice using the method recommended by Geneclean II 
(Bio 101). DNA concentration was determined by 
spectrophotometry. 

The probes (200-300 ng) were radio-labelled with 

20 p adCTP using the Megaprime kit as recommended by the 

manufacturers (Amersham International) to a level of 5 x 
10 9 dpm/A/g. Un-incorporated label was removed using 
Biospin chromatography columns (Biorad). 

Just before use for hybridisation the radio-labelled 

25 probe was boiled for 5 minutes and placed on iced water 
for 2 minutes before being added to hybridisation buffer 
at 65°C. 

2.5 cDNA library primary screening 
For the Wheat cDNA library 300,000 pfu's and the rape 

random primed and poly dT primed cDNA library 150,000 
pfu's were added to 2 ml of competent XLl-Blue cells 
(150,000 pfu's/2 ml) mixed and incubated at 37°C for 20 
minutes. The culture was then added to 30 ml top agarose 
(150,000 pfu's/ 30 ml) which had been melted and held at 



30 



BNSDOCID: <WO. 



9529246A1_I_> 



WO 95/29246 



- 14 - 



PCT/GB94/00846 



50°C, mixed briefly and poured onto pre-warmed (37°C) 
large LB plates (243 x 243 x 18 mm). Plates were left at 
room temperature for 10 minutes and incubated overnight at 
37°C. The plates were finally incubated at 4°C for 30 

5 minutes. 

Square sheets of nitrocellulose were carefully placed 
onto the surface of each plate and allowed to soak in for 
30 seconds, pealed off and placed onto 3 mm blotting paper 
soaked in denaturing buffer (1.5 M NaCl , 0.5 M NaOH) for 2 

10 minutes. To neutralise the filters each was subsequently 
placed for 5 minutes onto 3 mm paper soaked in 
neutralising buffer (1.5 M NaCl, 0.5 M Tris pH 7.4) and 
finally for 5 minutes on 3 mm paper soaked in X2 SSC. A 
second lift of 2 minutes was also carried out and treated 

15 in the same way. To immobilise the blotted DNA each 
filter was placed in a vacuum oven for 30 minutes. 

The filters were incubated in pre-hybridisation buffer 
(50 mis X6 SSC, XI Dendhart's, 0.5% SDS, 0.05% sodium 
pyrophosphate, 50/zg/m 1 herring sperm DNA with constant 

20 mixing for 3 hours at 65°C at which point the buffer was 
discarded. The radio-labelled probe (see 2.4) was added 
to 10 ml hybridisation buffer (50 mis X6 SSC, XI 
Dendhart's, 0.5% SDS, 0.05% Sodium Pyrophosphate, lmM 
EDTA ) previously equilibrated to 65°C. The filters were 

25 incubated with constant mixing for 14 hours at 65°C and 
the hybridisation buffer/probe removed but retained at 
-20°C for the subsequent screens. 

To wash off the un-bound probe the filters were washed 
4 times with XI SSC, 0.1% SDS for 30 minutes at 65°C. 

30 Filters were air dried and exposed to film overnight. 

Positive plaques were located and pulled out from the 
plate using the wide end of a 1 ml gilson tip. Only 
plaques that showed up positive on both lifts (30 seconds 
and 2 minute lifts) were used. The plug was placed into 
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500 pi SM buffer with 10^/1 chloroform and incubated at 
room temperature for 2 hours with occasional mixing. The 
suspension was spun for 5 minutes on a bench top 
centrifuge and the supernatant containing the pfu's 

5 retained* 

2.6 Genomic library primary Screening 

The methods used were as already described (see 2.5) 
but in a genetic manipulation isolation unit 2 x 10* were 
screened in total on 2 plates. 

10 2.7 CDNA and Genomic Secondary Screening 

50-200 pfu's in 200//1 SM buffer were added to 200//1 of 
competent XLl-Blue cells mixed and incubated at 37°C for 
20 minutes. The culture was then added to 3 ml melted top 
agarose at 50°C, mixed briefly and poured onto pre-warmed 

15 37°C) small LB plates (850 mm diameter). Plates were held 
at room temperature for 10 minutes and incubated overnight 
at 37°C. The plates were finally incubated at 4°C for 30 
minutes . 

Pre-hybridisation and hybridisation was carried out in 
20 the same way as that in the primary screen (see 2.5), 
using the same probe/hybridisation buffer boiled for 5 
minutes before use. 

The procedure for lifting, preparing, probing, washing 
and exposing the nitro-cellulose filters was essentially 
25 the same as that already described (see 2.5). 

The positive plaques were removed as a plug using the 
wide end of a 200//1 Gilson tip, placed into 500//1 SM 
buffer with 10//1 chloroform and incubated at room 
temperature for 2 hours with occasional mixing. The 
suspension was spun for 5 minutes on a bench top 
centrifuge and the supernatant containing the pfu's 
retained. 

2.8 cDNA and Genomic tertiary screening 

The method was essentially the same as that for the 
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secondary screen (see 2.7) using only 10-20 pfu's per 
plant. Exposure of the nitrocellulose filters was only 
required for 2 hours in this instance. 
2.9 Isolati on of DNA from positive plagues 
5 Plasmid rescue for cDNA clones was carried out as 

described by the Stratagene protocol for "in vivo excision 
of pSK from X-2APII clones". The DNA from the pSK derived 
clones was prepared in large quantities using the Quagen 
tip method. 

10 ^2 . — Preparati on of Genomic DNA from positive 

plaques " 

One positive plaque was removed from a plate of the 
positive pfu's from the tertiary screen and incubated with 
500 „l fresh KW 251 cells (see 2.1 for method of cell 

15 preparation) at 37»C for 20 minutes. Pre-warmed LB media 
(50 ml at 37 °C) was added in addition to 500 //l 1 M MgSO 
and incubated with mild shaking at 37°C for 5-7 hours. 4 
Following the 5-7 hours, 250 //l Chloroform was added to 
the culture and incubated for a further 15 minutes at 

20 37°C. Cell debris was spun out at 10,000 g and 
DNase/RNase added to the supernatant to a final 
concentration of 1 pg ml -1 and further incubation at 37-C 
for 30 minutes. 5 g Polyethylene Glycol 8000/3.2 g NaCl 
was added slowly to the supernatant at 4<>C overnight with 

25 constant stirring. 

The resultant suspension was pelleted at 10,000 g 
(4°C) and taken up in 5 ml 20 mM Tris-HCl pH 7.4/100 mM 
NaCl/10 mM MgS0 4 . The solution was then subjected to 3-5 
chloroform extraction's and 3-5 1:1 Phenol : Chloroform 

30 extraction. To precipitate the DNA an equal volume of 
isopropanol (-20*C) was added and left on ice for 30 
minutes. The precipitated DNA was pelleted at 10,000 g 
and washed in 70% Ethanol (-20'C) before being pelleted 
again. The DNA was resuspended in 300 pi T 1Q E 1 buffer. 
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Subcloning was carried out according to the method 
used by Sambrook et al (1989). 
2.11 Sequencing of DNA clones 

Sequencing was carried out by the manufacturer's 

5 recommended methods for the machine used (Applied 

Biosystems Inc 373A DNA sequencer). Both forward and 
reverse primers (-21 ml3 and M13RP1 ) were used initially 
for all clones. Oligonucleotides (20 mers) were generated 
and used to further sequence pRSl (rape ACCase clone). 

10 pKlll (Wheat ACCase clone) was subjected to nested 

deletions by the recommended method (Pharmacia, "d.s. 
Nested Deletion Kit") and sequenced by a combination of 
forward and reverse primers and generated oligonucleotide 
priming. Computer analysis of DNA sequence was carried 

15 out using the SEQNET package from the SERC facility at 
Daresbury and DNA Strider. 

3. Northern blot analysis 
Poly A+ mRNA was prepared from either 5g young leaf 
or 5g embryos harvested at 15, 22,29, 36, 42 and 49 days 

20 post anthesis using the recommended procedure (Pharmacia 
mRNA purification kit). 1-5 ug was loaded on to a 1% 
formamide/formaldehyde agarose gel for electrophoresis. 
The Northern blot procedure was as described previously ( 
Elborough et al 1994). 

25 4 . Southern blot analysis 

Total DNA isolated from rape and Arabidopsis leaves 
(lOug and 2ug/digestion respectively) was digested with 
EcoRl, Hindi I I and BamHl separately for 8 Hrs. The DNA was 
separated by TAE agarose electrophoresis, blotted and 

30 hybridised to radiolabeled probe as described by 
Sammbrook et al. 
RESULTS 

1.1 Partial purification of ACCase from Wheat germ 

Partial purification of Wheat ACCase was carried out 
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essentially using the method previously described by 
Egin-Buhler et al (1980) with several modifications. 

All operations were carried out at 4°C unless 
otherwise stated. All buffers used contained 14 mM 

5 0-mercaptoethanol and 0-3 mM EDTA. 

6 x 25 g of dry Avalon wheat germ was ground in a 
coffee grinder for 15 sees. 200 ml 100 mM Tris-HCl pH 7.5 
was added to each and polytroned on full speed for 1 
minute. The homogenate was stirred for 15 minutes and 

10 spun at 20,000g. The supernatant was stirred with 25g wet 
weight Dowex 50 previously equilibrated with 100 mM 
Tris-HCl pH 7.5 for 15 minutes. The suspension was 
filtered through cheese cloth and 10% Polyethyleneimine at 
pH 7.5 added to 0.03% w/v dropwise whilst stirring. After 

15 15 minutes the suspension was spun again at 20 , 000 g. 

Powdered <NH 4 > 2 S0 4 was added to a final saturation of 60% 
and stirred for 1 hour. After spinning at 20,000g the 
pellets were resuspended in 100 ml 100 mM Tris-HCl pH 
7.5/10Qm M NaCl. The supernatant was dialysed for 1 hour 

20 against 5 litres 100 mM Tris-HCl pH 7,5/100 mM NaCl and 
subsequently overnight with fresh buffer (5 litres). 
Powdered (NH 4 ) 2 S0 4 was added to a final saturation of 25% 
and stirred for 1 hour spun at 20,000 g and the 
supernatant brought up to 70% saturation. After 

25 centrifugation the resulting pellet was resuspended in 50 
ml 20 mM Tris-HCl pH 7.5 f 20 mM NaCl and dialysed with 3 x 
1 hour changes against 5 litres 20 mM Tris-HCl pH 7.5, 20 
mM NaCl/20% glycerol. The resultant suspension was 
diluted to a conductivity of <4.3 x 10~ 3 cnf 1 and stirred 

30 slowly with 150 ml of pre-equilibrated Q-sepharose (in 20 
mM Tris-Hcl pH 7.5 20 mM NaCl/20% glycerol) for 2 hours. 
The unbound protein was removed using a sintered glass 
funnel and the matrix washed with 10 volumes of 20 mM 
Tris-HCl pH 7.5, 20 mM NaCl/20% glycerol. The slurry was 
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packed into a 10 cm diameter Pharmacia column. Protein 

was eluted from the column using a gradient of 60-500 mN 

NaCl/20 mM Tris-HCl pH 7.5/20% glycerol (see figure 1A for 

elution profile) at 100 ml hr" 1 collecting approx 9 ml 

5 fractions. Every other fraction was assayed for ACCase 

activity, the most active fractions pooled and brought to 

50% (NH 4 ) 2 S0 4 saturation. The pellet after centr i f ugation 

was taken up in a minimal volume (approx 100 ml) of 20 mM 

Tris-HCl pH 7.5, 5 mM MgCl, 20% glycerol to give >4.6 x 
— 3—1 

10 10 cm conductivity. This was incubated with 100 ml 
pre-equilibrated Blue-sepharose (in 20 mM Tris-HCl, pH 
7.5/5 mM MgCl/ 20% glycerol) with mixing for 2 hours. The 
matrix was washed with 10 volumes of 20 mM Tris-HCl pH 
7.5/5 mM MgCl/20% glycerol using a sintered glass funnel. 

15 The washed matrix was packed into a 10 cm diameter 

Pharmacia column and the protein eluted from the column 
with a 60-500 mM NaCl/20 mM Tris-HCl pH 7.5/5 mM MgCl/20% 
glycerol gradient (see Figure 1 B for elution profile) at 
100 ml 1 hour taking 9 ml fractions. The pooled active 

20 fractions ( post-Blue-sepharose material) were stored 
frozen at -70°C. 

1.2 Identification of approx. 220 kDa protein as biotin 
containing 

The dominant 220 kDa a band in the post Blue-sepharose 
25 material was identified as ACCase by both its ability to 
change mobility during SDS PAGE in the presence of 
streptavidin and its estimated molecular weight 
(Egin-Buhler et al . (1980). SDS PAGE X5 loading buffer 
(SjjI) was added to 20ul post Blue-sepharose material, 
30 boiled at 100°C for 2 mins. and IjjI of a 5mM Steptavidin 
stock added immediately. The solution was incubated at 
650°C for 5 mins. and loaded onto an SDS PAGE gel next to 
myosin (Mr 200kDa) and untreated post Blue-sepharose 
material sample for comparison (see Fig 2A) . Streptavidin 
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clearly reduced the mobility of the 220kDa band, 
indicating that it is biotin containing. The only known 
biotin enzyme with a MW of 220kDa is ACCase. 
1.3 Generation and sequencing of wheat ACCase peptides 

5 A sample of post-Blue sepharose material estimated tc 

contain approx. 400pM (80/yg) of ACCase, as determined by 
comparison with known concentration standards, was loaded 
onto an SDS PAGE prep gel (see 1.3 for method and Fig 2B 
for appearance of sample). The running buffer was fresh 

10 and had a reduced level of SDS (0.035% SDS). Chromaphor 
green (Promega) was added at 1:1000 dilution to the upper 
tank during electrophoresis to allow the visualisation of 
protein. the ACCase protein band at appro*. 220 kDa was 
cut out of the gel, frozen and stored at -20°C overnight. 

15 The gel slices were trimmed of excess acrylamide and 

loaded on to one well of a 3mm thick large Biorad Protean 
gel. The gel slices once loaded were overlaid with 
Endoproteinase LysC (Promega) at 6.5% protein 
concentration in 50% glycerol/0. 125M Tris pH 6.8,/0.1%. 

20 SDS/3% B-mercaptoethanol/0.005% Bromophenol Blue. The gel 
was run until the protein was at the stacker interface at 
which point electrophoresis was stopped for Ihr at room 
temperature. Electrophoresis was resumed until the dye 
front reached the bottom of the gel. Peptides were 

25 semi-dry blotted into ProBlot (Applied Biosystems Inc.) 

according to manufacturers instructions. Rapid Coomassie 
staining of the blot (according to ProBlot instructions) 
identified peptide fragments which were excised from the 
membrane and loaded onto an ABI 477A pulse liquid protein 

30 sequencer. Sequence data was obtained at an amino acid 
level of 10-20pM (see Fig 3). 

Sequence data was obtained for 4 peptides, yielding 
stretches of N-terminal amino acid sequence of 17, 18, 9 
and 20 amino acids (Fig 3). 
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2 . ACCase clone isolation and sequencing 
2.1 Wheat ACCase cDNA 

A wheat cDNA library was probed with a 2.7 kb EcoRl 
fragment, and a 1.54 kb Hindlll fragment of the maize 
5 partial cDNA clone pA3 which contains 4.5 kb of the 3' 

maize ACCase. This yielded a 1.85 kb clone inserted 
between the Eco Rl and xhol site in the multi cloning 
cassette of pSK. The DNA was recovered by plasmid rescue 
in the host strain DH5a. This clone was denoted pKlll. 
10 The nucleotide sequence data of this partial cDNA, 

with the derived amino acid sequence from the three 
reading frames is shown in Figure 4. 

Figure 4 also shows that sections of pKlll show 
complete homology with the amino acid sequence of the 4 
15 peptides isolated from the purified wheat germ enzyme, 
providing good evidennce that the cDNA does indeed code 
for wheat embryo ACCase. 

A dot matrix comparison of the deduced amino acid 
sequence from the largest open reading frame against that 
of the maize ACCase is presented in Figure 5. pKlll showed 
82.33% homology with the maize cDNA at the nucloetide 
level and 88.17% similarity/78.44% identity at the amino 
acid level. 

In addition the deduced amino acid data of the wheat 
25 cDNA showed large homologous regions with the known 
sequences of rat (62%) and yeast (62%) ACCase. 
2 - 2 isolation of a pa rtial rape ACCase cDNA encoding the 
transcarboxylase domain. ~ " 

Although ACCase has been purified from rape embryo, 
the amounts obtained were not amenable to protein 
sequencing. To study ACCase at the sequence level we 
needed to isolate its cDNA. A rape embryo derived poly dT 
primed XZapII library was screened with the partial wheat 
ACCase cDNA previously isolated. A hybridising cDNA of 2.5 
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kb was taken through three rounds of screening and plasmid 
rescued (pRSl). The clone was fully sequenced in both 
directions by a combination of nested deletions and dye 
primer sequencing. The cDNA sequence has been submitted tc 

5 EMBL (Accession no. X77382). The predicted amino acid 

sequence from the largest open reading frame is shown in 
Figure 6. Dot matrix analysis of the cDNA with previously 
described ACCase sequences showed it to be a partial clone 
of ACCase corresponding to the t ranscarboxylase domain 

10 (Figure7) . The predicted amino sequence of the rape clone 
showed sequence identity/similarity levels of 
approximately 44/61% with the yeast (Al-Feel et al, 1992), 
rat ( Lopez-Casillas et al, 1988 ) algae (Roessler and 
Ohlrogge, 1993) and the wheat ACCase cDNA pKlll. Since the 

15 mRNA contaions a polyA tail and was obtained from the poly 
A fraction it is probable that the ACCase cDNA isolated 
was nuclear encoded. 

2.3 . Isolation of the Arabidopsis ACCase genomic clone and 
further rape cDNA cloning 

20 The average insert size of our rape poly dT primed 

cDNA library, described above, was approximately 2-2. 5kb. 
Therefore it was unlikely that the library would contain 
much more 5' cDNA. To obtain more 5' sequence a random 
primed library from rape embryo mRNA was constructed. 

25 Having made a suitable library there were two strategies 
available for cloning more 5' cDNA i) screen using the 5' 
region of our cDNA, or; ii) screen using 5' probes from a 
genomic clone. We chose the second option. The strategy 
was to clone the ACCase genomic gene, identify the open 

30 reading frames by sequence comparison and generate 

specific probes by the use of PCR. Since Arabidopsis is 
related to rape and has a smaller genome we chose to 
obtain the genomic clone from Arabidopsis. Previous data 
from this laboratory had shown that Arabidopsis DNA 
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sequences are highly homologous to those of rape (data not 
shown). Screening a X Fixll Arabidopsis genomic library 
with a 1.2 kb Xhol/Pstl fragment of the rape ACCase cDNA 
pRSl yielded two independent genomic clones which 
5 hybridised strongly to the pRSl ACCase probe. These were 

denoted XAYE4 and XAYE8. XAYE8 was subcloned to produce 
two plasmids : pKLU81, a 5.3 kb subclone in the EcoRl site 
of pGEM 32F+ ; and pKLS2, which was excised from the X 
clone by a partial Sail digest and subcloned into pSK+ . 
10 The PKLU81 subclone, considered to be a partial 

length genomic clone, was partially sequenced from the 5' 
and 3' ends. Therefore two sets of data are presented for 
the 5' and 3' sequences from the same clone. The 
nucleotide sequences, with the derived amiono acid 
sequences from the 3 reading frames are shown in Figures 8 
and 9. A data base search (Swissprot) using the derived 
amino acid sequence from the 5' 0.56kb DNA sequence showed 
40% identity with chicken and rat ACCase (Figure 10). 

The genomic clone (pKLS2) was extensively subcloned 
through a combination of EcoRI/Sall/xbal/Hindlli digests, 
and partially sequenced by both Dye primer and Dye 
terminator chemistry, we found that intron-exon 
boundaries could not be allocated without cDNA data. We 
therefore opted to sequence only enough of the genomic 
clone to allow generation of open reading frame probes for 
cDNA screening. The full sequence data obtained is shown 
schematically in figure 11A (hatched areas A,Aii ,B,c,D,E 
and F) and has been deposited with the EMBL data base 
(accession no's X77375-X77381 ) . 

To map the ACCase activity domain order, within the 
genomic clone, the open reading frame sequences from the 
different sequenced areas were compared with the first twc 
domains of the full length yeast cDNA (Figure UBi and 
ii), and the rape transcarboxylase domain (figure llBiii). 
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Homology was sufficient to allow us to assign the same 
order of domains to the Arabidopsis gene as that of yeast 
ACCase shown in figure 11A ie: {Biotin carboxylase-Biotin 
binding-Transcarboxylase ] . 

5 Sequence data from an open reading frame at the 5 r 

end of the genomic clone (area Aii) showed a marked 
homology (49.5/64% identity/similarity at the derived 
amino acid level) with the 5' region of yeast ACCase (see 
Figure llBi). The 3' end of the cloned genomic fragment 

10 (19kb) was sequenced and shown to be homologous to the 3' 
end of the rape 2.5kb cDNA clone isolated from the poly 
d'T primed mRNA library (figure llBiii). Since we had 
approximately 1.3kb 5' to area Aii we reasoned that it was 
likely that pKLS2 was the full length genomic clone. The 

15 pKLU 81 subclone was a partial length genomic clone 
corresponding to a portion of the sequence of pKLS2. 

Since the Arabidopsis genomic clone showed a high 
degree of homology to the rape cDNA isolated (86% identity 
in the exons of areas E and F) it was clear that the 

20 genomic clone could be used to isolate further rape 

cDNA's. We generated a specific probe via PCR of area C 
within the genomic clone and used it to screen the random 
primed library generated from rape embryo mRNA. Two cDNA 
clones (pRS8 and pRS6 containing 2.0kb and 1.1 kb cDNA 

25 respectively) were isolated and sequenced. The cDNA from 
each was shown to overlap. The full combined derived 
amino acid sequence (pRS8/6 2.38 kb cDNA size) is 
presented in figure 12Ai (EMBL accession no X77374). The 
sequence analysis of the clones showed significant 

30 homology with that of yeast (39/58 % identity/similarity), 
rat (38/59% identity/similarity) and algal (34/54% 
identity/similarity) ACCase. Within the cDNA sequence is 
the highly conserved biotin binding site I Val-Met-Lys- 
Met], shown in figure 12Ai as the underlined region. 
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Direct comparison with yeast biotin binding site is shown 
in figure 12Aii. Interestingly the sequence also showed 
homology at it's 5 f end with the 3' portion of the yeast 
biotin carboxylase domain. This data demonstrated that 
5 the domain order in rape {Biotin carboxylase-Biotin 

binding-Transcarboxylase] is consistent with the domain 
assignment of Arabidopsis. 

3 . Southern blot analysis 

Since it was not known how many genes for ACCase are 

10 present in rape and Arabidopsis, total DNA was analysed by 
Southern blotting* Both rape and Arabidopsis total DNA 
was digested with three separate restriction enzymes and 
blotted. The Arabidopsis genomic clone indicated that 
ACCase genes would most likely be relatively large. The 

15 size dictated that it was not possible , using partial 

cDNA's as probes, to gain an accurate estimate of the gene 
copy number by Southern blot. The blot was therefore 
hybridised to the full Arabidopsisg genomic clone 19kb) 
labelled by random primed labelling. The sum of the 

20 Arabidopsis bands that hybrised to the probe was 

approximately 20kb (figure 13). Since the genomic clone 
is approximately 19kb, and showned a similar pattern when 
digested with the same enzymes (results not shown), we 
deduced that there is only the one gene present in 

25 Arabidopsis. Although the rape profile is more 
complicated it can be seen that it consists of a 
relatively small gene family (see figure 13). 

4 . Northern Blot analysis 

The expression of ACCase during rape embryonic 
30 development was examined by Northern blotting using the 

2.5 kb rape cDNA clone as probe. The blotrs contained 5 ug 
rape poly A+ m RNA prepared from a set of staged embryos 
taken from Brassica napus Jet Neuf at 15, 22, 29, 35,42 
and 49 days post-anthesis . Embryos taken from the same 
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seed set were also analysed for oil content to monitor 
development. The oil content data is presented (expressed 
as fatty acid/mg seed) graphically in Figure 14A. The 
Northern blot was hybridised separately to three 

5 successive probes and stripped after each in preparation 

for the next probe. The three probes used were embryo 
derived cDNAs for enoyl reductase (1.15 kb), 3keto 
reductase (1.185 kb) and ACCase (2.5 kb) . All three cDNAs 
were highly expressed in seed with maximum expression 

10 being coincidental at 29 days post-anthesis (Figure 14A). 
However it appears that the initial onset of mRNA 
production occurs in the order enoyl reductase, (3keto 
reductase and ACCase. The profile of all three genes 
expression during embryogenesis was reproducable in 

15 individually probed blots with peak expression occuring at 
29 days. The sizes of the hybridising bands were 1.65, 1.7 
and 7.5 kb respectively as determined by size markers run 
on the same agarose gel used for the blot. The level of 
the ACCase mRNA was relatively lower than that of enoyl 

20 reductase and pketoreductase . This may be in part due to 
the successive stripping of the blot and degradation of 
the large 7.5 kb message during handling. 

A Northern blot comparison of ACCase expression in 29 
days post-anthesis embryo and young leaf, using the embryo 

25 derived 2.5 kb cDNA as a probe is shown in Figure 14B. The 
7.5 kb band that hybridises was approximately five times 
more abundant in seed than in leaf, as might be expected 
for ACCase. The size of the full length mRNA (7.5 kb) was 
consistent with the known size of the full length mRNA for 

30 both maize and wheat ACCase. 
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CLAIMS 



Partial cDNAs specifying acetyl Coenzyme A 
carboxylase (ACCase), isolated from seed of Brassica 
napus , having the nucleotide sequence set forth in 
Figures 6 or 12, and variations thereof permitted by 
the degeneracy of the genetic code. 



A partial cDNA specifying ACCase, isolated from 

wheat germ, having the nucleotide sequence set forth 

in Figure 4, and variants thereof permitted by the 
degeneracy of the genetic code. 



A full length genomic DNA specifying ACCase from 
Arabidopsis thai i ana having the nucleotide sequence 
set forth in Figure 8, and variants thereof permitted 
by the degeneracy of the genetic code. 



The DNA inserts within the following clones, which 
have been deposited in Escherichia coli , strain DHa 
hosts, with the National Collection of Industrial & 
Marine Bacteria, 23 St. Machar Road, Aberdeen, AB2 
1RY, United Kingdom, on 25th March 1993, under the 
provisions of the Budapest Treaty on the Deposit of 
Microorganisms for Patent Purposes, details of which 
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are as follows: 

Plasmid pKlll, Accession No. NCIB 40553; 
Plasmid pKLU81 , Accession No. NCIB 40554, and, 
Plasmid pRSl, Accession No* NCIB 40555 

A gene construct for use in transforming plants 
for the purpose of regulating expression of ACCase , 
comprising a promoter active in plant cells, a 
structural region encoding mRNA in sense or antisense 
orientation to one or more domains of the ACCase gene 
and a 3 ' untranslated region, whereby transformation of 
plant cells results in a phenotype characterised by 
reduced fatty acid production or the production of 
fatty acids of altered composition. 

A construct as claimed in claim 5 in which the 
promoter is a tissue-specific or developmentally 
regulated promoter . 

A construct as claimed in claim 6 in which the 
promoter is the promoter of the napin gene of Brassica 
napus . 

A genetically transformed plant, plant cells and 
plant parts, containing a gene construct as defined in 
any of claims 5 to 7. 
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A genetically transformed plant and cells and 
parts thereof, having reduced ability to synthesise 
fatty acids or having the ability to sythesise fatty 
acids of altered composition, characterised in that 
the genome of said plant comprises a gene construct i 
defined in any of claims 5 to 7 . 



10. A genetically transformed plant as claimed in 

claim 9, in which the plant is an oil-synthesising 
plant. 



11. A plant as claimed in claim 10, in which the plant 

is of the genus Brassicaceae . 



12. A plant which is capable of synthesising 

polyhydroxyalkanoate polymer, characterised in that 
the the said plant contains within its genome a 
construct as claimed in any of claims 5 to 7 which 
reduces the ability of the plant to synthesise fatty 
acids from acetyl Coenzyme A and in addition genes 
directing synthesis of polyhydroxyalkanoate from 
acetyl Coenzyme A. 



A method for the control of expression of ACCase 
in a plant comprising stably incorporating into the 
genome of the said plant by transformation a gene 
construct as claimed in any of claims 5 to 7. 
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14. A monocotyledonous plant having increased 

tolerance of herbicides which inhibit the activity of 
the ACCase endogenous to monocotyledonous plants 
comprising a monocotyledonous plant which has stably 
5 incorporated within its genome a DNA specifying 

ACCase, said DNA having been isolated from a 
dicotyledonous plant possessing a natural tolerance of 
the said herbicides. 



15. A plant as claimed in claim 14 in which the 

herbicide is selected from the group consisting of 
arylphenoxy- propionate and alkylketone herbicides. 
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figlA 

Q-sepbaiusu ckiumaiugiaplij (Wheat germ) 
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fig 2A 

WUml ACCoae ban d shi f ting o n ad d iti on of Gtrcptovidin 
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Lane 1 fc e ntama BOO iVQ Myewi (000 kDa) — j ^-— — 
Lane 2 contains 1 0 y\ Post Blue-sepharose material withoutStrglil .imMin ""^ 
Lane 3 contains 1CM Post Blue-sepharosejnatgriai-v^^ (see 1.4) 

* ACCase is jndir^tad-by'tne^ its normal migration and that of the ACCase/streptavidin 
c mm ill 1 1 i gypftrtivply — 



fig 2B Wheat ACCase in Root Bluo copharocc mat e rial 



Lane 1 2 

Origin — f 

Wheat ACCase 



200 kDa 



66 kDa 



45 kDa 




used for peptide 
sequencing (see 1.5) 



L a ne 1 e e iuainal M< Pob * Plus anpha ro a e , material (jll 1.0 and 1.3 fm iuuUiulIj) 
Lam 0 contttma 10 rH Pcjat Blue aepharere materrari 
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fig 3 



Authentication of pKlll as Wheat ACCa&e partfari dDNA 



1 ? find 1, 



AA sequencing from Wheat ACCase 
pKlll deduced AA sequence 



MATNGVE7LTVSDDLEG 
81 MATNGWH LTVSDDL EG 



AA sequencing from Wheat ACCase 
pKlll deduced AA sequence 

AA sequencing from Wheat ACCase 
pKlll deduced AA sequence 

AA sequencing from Wheat ACCase 
pKlll deduced AA sequence 



LGGIPVGVIAVETQT7DQ 
"iLGGIPVGXIAVETQTMMQ 

NVLEPQGHL 
3«NVXEXQGLI 

SIEARKKQLLPLYTQIAIRF 
372 SIEPRKKQLLPLYTQIAVRF 



In ordor to authontioato tho oDNA olnnn frnm whnnt. fpTnTM Aggg g i V i j m i j iii i n i 
data was obtained. The direct corn nri^nn nP i'Vi Bguence nhtnmrd to that 
dpHnr^H J™™ thg cDOiA done ^ ^l""*" r^^ numbers shown indicate the AA 
' 1 i ggg iJ «hn cw^r,™ Hn'^m +i.r»+ tpaaslated from thn ePMA poquonoo. 
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# . tr„ QMA Stride i pTTf ] n .»#, ) ( WtdniJikn , rLbmm i 3, 1903 10.1 4 .05um 
W] ILAT pKl I 1 -> 3-pluAL Ti jiisUUuh 

DNA sequence 1926 b.p. GAGAACATACAT ... *TCCAGTTTTTT linear 



1/1 31/11 

GAG AAC ATA CAT GGA AGT GCT GCT ATT GCC AGT GCC TAT TCT AGG GCC TAT GAG GAG ACA 
ENIHGSAAIASAYSRAYE ET 
RTYMEVLLLPVPILGPMRRH 
EHTWKCCYCQCLF* GL * GD I 
61/21 91/31 

TTT ACG CTT ACA TTT GTG ACT TGA CGG ACT GTT GGA ATA GGA GCA TAT CTT GCT CGA CTT 
FTLTFVT*RTVGIGAYLARL 
LRLHL*LDGLLE*EHILLDL 
Y A Y I CDLTDC WNRS IS C S TW 
121/41 151/51 

GGC ATA CGG TGC ATA CAG CGT ACT GAC CAG CCC ATT ATC CTA ACC GGG TTC TCT GCT TTG 
GIRCIQRTDQPI ILTGFSAI* 
AYGAYSVLTSPLS*PGSLL* 
HTVHTAY-PAHYPNRVLCFE 
181/61 211/71 

AAC AAG CTT CTT GGC CGG GAA GTG TAC AGC TCC CAC ATG CAG TTG GGT GGC CCC AAA ATT 
NKLLGREVYSSHMQLGGPKI 
TSFLAGKCTAPTCSWVAPKL 
QASWPGSVQLPHAVGWPQNY 
241/81 271/91 

ATG GOG ACA AAC GGT GTT GTC CAT CTG ACA GTT TCA GAT GAC CTT GAA GGT GTG TCT AAT 
» M ATNGVVHLTVS DDLE G » V S N 
WRQTVLSI*QFQMTLKVCLI 
GDKRCCPSDSFR*p * R C V *Y 
301/101 331/111 

ATA TTG AGG TGG CTC AGC TAT GTT CCT GCC AAC ATT GGT GGA CCT CTT CCT ATT ACA AAA 
ILRWLSYVPANIGGPLPITK 
Y*GGSAMFLPTLVDLFLLQN 
IE VAOLCSCQ HWWT SS Y Y K I 
361/121 391/131 

TCT TTG GAC CCA CCT GAC ASA CCC GTT GCA TAT ATC CCT GAG AAT ACA TCT GAT CCT CGT 
S LD PPDRPVAYIPENTCDPR 
I»WTHLTDPLHISLRIHVILV 
FGPT*QTRCIYP*EYM*SSC 
«1/141 451/151 

GCA GCC ATC AGT GGC ATT GAT GAT AGC CAA GGG AAA TGG TTG GGG GGC ATG TTC GAC AAA 
A A I SGI DDSQGFW^LGGMF DK 
QPSVALMIAKGNGWGACSTK 
SHQWH***PREMVGGHVRQR 
481/151 511/171 

GAC AGT TTT GTG GAG ACA TTT GAA GGA TGG GCG AAG TCA GTA GTT ACT GGC AGA GCG AAA 
DSFVETFEGWAKSVVTGRAK 
TVLWRHLKDGRSQ*LLAERN 
QFCGDI'RMGEVSSYWQSET 
541/131 571/191 

CTC GGA GGG ATT CCG GTG GGT GT* ATA GCT GTG GAG ACA CAG ACT ATG ATG CAG CTC ATC 
£*GG lPVGXIAVBTQTMMO» L I 
SEGFRWVX*LWRHRL*CSSS 

H^OSGGCXSC GDTDYDAAHP 

6:1/2:1 531/2:1 

CCT GCT GAT CCA GGG CAG CTT GAT TCC CAT GAG CGG TCT GTT CCT CGT *CT GGG CAA GT* 
PADPGQLDSRSRSVPRXGQX 
---CSSLIFMSGLFLXLoKX 
-•SRAA*F?*AVCSSXWASX 
661/221 691/231 

TGG i*7T CCA *AT T*A *CT ACT AAG ACA GCT CAA GCA ATG CTG GAC TTC AAC CGT *AA GGA 
w ?PXXXTKTAOAMLDFNRXG 
GFXIXLLRQLKQCWTSTXKD 
VSXXXY*DSSSNAGLQPXRI 
721/241 751/251 

TTA CCT CT* TTC ATC CTT GC* AAC TGG AGA GGC TTC T*T GGT GGG CAA AGA GAT CTT TTT 
LPXFILXKWRGFXGGQRDLF 
YLXSSLXTGEASXVGKEIFL 
TSXHPCXLERLXWWAKRSF* 
781/261 811/271 

AAA GGA ATC CTT CAG GCT GGG TCA ACA ATT GTT GAG AAC CTT AGG ACA TAC AAT CAG CCT 
KGILQAGSTIVENLRTYNQP 
KESFRLGQQLLRTLGHTISL 
RNPSGWVNNC*EP»diqsAC 



<WO 9529246A1_I_> 



WO 95/29246 PCT/GB94700846 

5/2 5 

Wh a AT^ftl U -» 3 ph tt fi i Trano l oMon ■ 3/ t 2f93 10. 14.0.9 Jill PJgU 2 

841/281 871/291 

GCC TTT GTA TAT ATC CCC AAG GCT GCA GAG CTA CGT GGA GGG GOT TGG GTC GTG ATT GAT 
AFVY I P K A A E LRGGAWVVID 
PLYI SPRLQSYVEGLG S * L I 
LCIYPQGCRATWRGLGRD** 
901/301 931/311 

AGC AAG ATA AAT CCA GAT CGA TTT GAG TTC TaT GCT GAG AGG ACT GCA AAG GGT AAT GTT 
SKINPDRFEFYAERTAKG * N V 
A R * I QIDLSSMLRGLQRV M F 
QDKSRS I * V L C * E D C K G * C S 
961/321 991/331 

CT* GAA CC* CAA GGG TTG ATT GA* ATC AA* TTC AGG TCA GAG GAA CTC CAA GAG TGC ATG 
XEXQGL I* XIX FRSEELQECM 
XNXKG*LXSXSGQRNSKSAW 
XTXRVD * X. QXQVRGTP RVHG 
1021/341 1051/351 

GGC AGG GTT GAC CCA GAA TTG ATA AAT CTG AAG GCA AAA CTC CTG GGA GCA AAG CAT GAC 
GRVDPELINLKAKLLGAKHD 
AGLTQN* * I * RQNSWEQSMT 
Q G * P R I DKSEGKTPGS K A * Q 
1081/361 1111/371 

AAT GGA AGT CTA TCT GAG TCA GAA TCC CTT CAG AAG AGC ATA GAA CCC CGG AAG AAA GAG 
NGSLSESESLQK - SIEPRKKQ 
MEVYLSQNPFRR ~ + N P G R 5 ~ 
WKSI *VRIPS EEHRTP EETV 
1141/381 1171/391 

TTG TTG CCT TTG TAT ACT CAA ATT GOG GTG CGG TTT GCT GAA TTG CAT GAC ACT TCC CTT 
L.LPLYTQIAVRF* AELHDTSL 
CCLCILKLRCGLLNCMTLPL 
VAFVYSNCGAVC*IA*EFP* 
1201/401 1231/411 

AGA ATG GCT *CT AAG GGT GTG ATT AAG AAG GTT GTA GAC TGG AAA GAT TCT AGG TCT TTC 
RMAXKGVIKKVVDWKDSRSF 
BWXLRV* LRRL*TGKI LGLS 
NGX*GCD*EGCRLERF * V F L 
1261/421 1291/431 

TTC TAC AAG AGA TTA CGG AGG AGG ATA TCC GAG GAC GTT CTT *CA AAG GAA ATT AGA GGT 
FYKRLRRRISEDVLXXEIRG 
STRDYGGGYPRTFXQRKLEV 
LQEITEEDIRGRSXKGN*RC 
13Z1/441 1351/451 

GTA AGT GGC AAG CAG TTC TCT CAC CAA TCA GCA ATC GAG CTG ATC CAG AAA TGG TAC TTG 
VSGKQFSHQSAIELIQKWYL 
*VASSSLTNQQSS*SRNGTW 
KWQAVLSPISNRADPEMVLG 
1381/461 1411/471 

GCT TCT AAG GGA GCT GAA GCA GCA AGC ACT GAA TGG GAT GAT GAC GAT GCT TTT GTT GCC 
A SKGAEAASTEWDDDDAFVA 
LLRELKOQALNGMMTMLLLP 
F*GS*SSKH*MG**RCFCCL 
1441/481 1471/491 

TGG AGG GAA AAC CCT GAA AAC TAC CAG GAG TAT ATC AAA GAA CTT AGG GCT CAA AGG GTA 
WRENPENYQEYIKELRAQRV 
GGKTLKTTRSISKNLGLKGY 
EGKP *KLPGVYQRT*GSKGI 

:s::/sci 1531/511 

TCT CAG TTG CTC TCA GAT GTT GCA GAC TCC AGT CCA GAT CTA GAA GCC TTG CCA CAG GGT 
SQLLSDVADSSPDLEALPQG 
LSCSQMLQTPVQI * K P C H R V 
SVAiRCCRLQSRSRSLATGS 
1161/52: 1591/531 

CTT TCT ATG CTA CTA GAG AAG ATG GAT CCC TCA AGG AGA GCA CAG TTT GTT GAG GAA GTC 
l*SMLLEKMOP SRRAQFVEEV 
FL CY *RRWIPQGEHSLLRKS 
FYATREDGSLKESTVC * G S Q 
1621/541 1651/551 

AAG AAA GTC CTT AAA TGA TCA GAT GAT ACC AAC GCA TCC AAT TCA GAA TGT GCA TGA TAT 
KKVLK*SDDTNASNSECA*Y 
RKSLKDQMIPTHPIQNVHDI 
ESP*MIR*YQRIQFRMCMIS 
1681/561 1711/571 

CGG TTT CTC TTG AAG TAC ATA TAT AGA *GG ATA CTA TTC GGC TGT AAC CGA CCA TAG CTG 
RFLLXYIYRXILFGCNRP*L 
<3FS*STYXXGYYSAVTDHS* 
VSLEVHI *XDTIRL*PTIAD 
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1741/581 1771/591 

ATC TGA GTC AAC GAT TAT TTT GTA AAA CTT TTT TGC GGT CTT CTC TGT TAT TCG AGG CAA 
I *VNHYFVKLFCGLLCYSRQ 
SESTIIL*NFFAVFSVIRGK 
LS QPLFCKTF1»RS£LLFEAK 
1801/601 1831/611 

AAC TTG TTT TCG GAC GGC TCC GAA TGG TTG ATG AGT GTA GTT GGA AAA AAA GCG GCC GGA 
NLFSDGSEWLMSVVGKKAAG 
TCFRTAPNG* *V*LEKKRPE 
LVFGRLRMVDECSWKKSGRN 
1861/621 1891/631 

ATT *CT GCA GCC CGG GGG ATC C*C TAG TTC TAG AGC GGC CGC ACC GGG TTG GAG *TC GAG 
1 XAARGX X * F * SGRTGLE XQ 

XLQPGGSXSSRAAAPGWXSS 
XCSPGDXLVLERPHRVGXPV 
1921/641 
TTT TTT 
F F 

F 



The jcnse strand o f the Wheat, cDNA ocqucnec f o r pIQllwith 0 Phage i re 
shown. The 1st phase is the transla tion from th f* lnrflrgrli &pen I l'*iHinr frnmr The 
underlin ed sequ er°?n nr° 1(1 1 FHTOlogous ''^ Amino Acid data obtained for 
Whuatote6C55S<|EQa fig 3). 



BNSDOCID: <WO 9529246A1_1_> 



WO 95/29246 PCT/GB94/00846 

7/2 5 

figs 

Dot Matrix Maizo V Wheat Amino Acid sequence 

Dodueod Maine ACCctfle Amino Acid sequ e n c e 
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LVin * DMA stri c te r th e two gequeneeo wore oomparod by dot matrix (ctrincenry IS , window 23) . Th a 
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GCACGAGGGAGAAACAGTTTGATTTACCACTCAATC 

CCCAAATCAATGATCAATATAAGCCACTGGGATATCTTGACAGGCAACGTCTAGCCGC^^ 
GAGGAGTAACACTACATATTGCTATGACITCCCGTTGGC^ 

TTGGGCATTACAACAACCGGGAGTTAAGAAACX1ATGCAAGGGTACTCTTATCAG 

GAGCTTGTATTCTCCAATTTCAGAAGGTACATCrCITATGCCAGTTGAAAGATC^ 

TCAATGAGTTTGGAATGGTGGCCTGGAGCCTAGAGATGTCGACTCCTGAGTTrCCTATGGG 

ACGGAAGCTTCTCATAGTCGCCAATGATC^^ 

GAGGACGCGTTTTTCCTTGCCGTGACTGAACTCGCATGT^ 

CITGGCACCAAATTCTGGTGCCAGACTCGGAGTAGCTGAAGAAATCAAAGCCT 

GTTGGATGGTCGGATGAAGTTTCCCCCGAAAATGGTTTTCAGTATATATACCTAAGK3CCTGA 

AGACCATGCAAGGATTGGATCATCTGTCATTGCGCACGAAATAAAGCTCCCTAGTGGGGAA 

ACAAGGTGGGTGATTGATACAATCGTTGGTAAAGAAGATGGTATTGGTGTAGAGAATCTAA 

CCGGAAGTGGGCCAATAGCGGGCGCITACTCGAGGGCATAG^ 

CTTTGTTAGTGGAAGAACGGTAGGAATrGGTGCTTACCTTGCCCCCC^ 

TACAGAGACTTGACCAGCCGATGATATTGACrGGCnTTT^ 

CXnGAGGTCTATAGCTCTCACATG^^ 

TGTTCATCTTACAGTCTCAGATGATCTCGAAGGTGTATCAGCGATTCTCGACTGGCrGAGCT 
ACATTCCTGCITACGTTGGTGGTCCrCTTCCTGTTCTTGCCCCG 

CCGTGGAGTACGTTCCAGAGAACTCTTGCGACCCGCGAGCr GCTAT AGCTGGGGTTAACGA 
CAATACCGGTAAATGGCTTGGCGGTATCTITGAT^ 

GCTGGGCAAGAACGGTAGTGACTGGTAGAGCTAAACTAGGGGGAATACCrGTAGGAGTTG 
TTGCGGTTGAGACACAGACAGTAATGCAGATC^TCCCAGCAGATCCAGGACAGCTCGACTC 
TCATGAAAGAGTGGTTCCACAGGCAGGGCAAGTCTGGTTTCCTGATTCrGCGGGCAAGA 
GCTCAAGCGCTCATGGATITCACAAGGAAGAGCCT^ 

AGGGTTITCAGGTGGGCAGAGAGATCTTTTCGAAGGAATACTTCAGG<^ 

tgtagaaaatctgagaacgtatcggcagccagtgt1tgtgtacatccctaagatgggagag 

ttgcgaggtggagcgtgggttgttgttgatagccaaataaattcagattatgttgaaatgt 

atgctgatgaaactgctagggggaatgtgcttgagccagaaggaacgatagagataaaat 

ttagaacgaaagagatgttagagtgcatgggaaggttagaccx:gaagctaatcgatctc^^ 

agcaagactgcaagatcccaaccaaagtgaggcttatac 

cagattaaagcccgagagaagcttctcttac^ 

ggaacttcacgatacttccatgagaatgactgccaaaggagtgatcaaaatgtgtgtggag 

TGGATCGGCTCGAGGTCCTTCITCTA^ 

TTGTGAAAAACGTAAGAGAAGCTTCAGGAGACGACTrATCGTATAAATCrGCAATGGGTTT 

AATTCAGGATTGGTTCTCCAAATCTGACATTCCAAAGGGG 

GACCAAGTGTTCTTTAGATGGAAGGACAACGTTAGTAACTACGAGTTGAAT 

TGAGACCGCAGAAACTGTTGAACCCAACITGCAGAGATTGGAAATTCCGTCGGATCTATCG 

GCG CTGCCACAAGG ACITGCCAATCTrCTAAACAAGGTG GAG CCTTCAAG AAG AGAAG AGC 

TTGTTGAAGCGCTACGAAAAGTGTTAGGTTGATGTACAAGAGGT^ 

AAAGATGGTCCITTGGTGTTGCTTGTGTCCTACGGTGAAAGAAGCrAGTTGGAAATTAGAT 
GTGGTCTTTCTTTCTTAAATGTGTTG G CCCG AGCTGTAAATGTTGTTGTAGCGTATAAGTG A 
G AATTG CGTAATAATTT ATTCAAC 
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1/1 31/11 

CTC TCT GGC AAA TCC CTG GTA TAA TCT ACG TCC TTA TTT CTT ACA GGC AGC GGT TCC TCT 
LSGKSLV*STSLFLTGSGSS 
SLANPWYNLRPYFLQAAVPL 
LWQIPGIIYVLISYRQRFLF 
61/21 91/31 

TCT TTA TCC ATG CAC ACG AAT AAT GTA CTG TCT GIT TCT CTT TAA TTT CGT AGA GAT AAG 
SLSMHTNNVLSVSL*FRRDK 
LYPCTRIMYCLFLFNFVEIR 
FIHAHE*CTVCFSLIS * R *D 
121/41 151/51 

ACG GTT CTA TGG AAT AGA ACA TGG TGG AGG TTA TGA TTC TTG GCG AAA AAC ATC TGT TGT 
TVLWNRTWWRL * FLAKN XCC 
RFYGIEHGGGYDSWRKTSVV 
GSME*NMVEVMILGEKHLL* 
181/61 211/71 

AGC CTT CCC TTT TGA TTT TGA TAA AGC TCA ATC TAT AAG GCC AAA AGG TCA TTG TGT GGC 
SLPF*F**SSIYKAKRSLCG 
AFPFDFDKAQSIRPKGHCVA 
PSLLILIKLNL*GQKVIVWL 
241/81 271/91 

TGT ACG TGT GAC AAG TGA GGt aTC CTG ATG ACG GGT TCA AAC CAA CCA GCG GTA GAG TTC 
CTCDK*GILHTGSNQPAVEF 
VRVTSEVS* *RVQTNQR*SS 
YV*QVRYPDDGFKPTSGRVQ 
301/101 331/111 

AGG TAA TGT GAT ATC TGT GGA ATG CAA ACT GAA AGT TCA TTC ACT GAG GAA CTC TGT GGG 
R*CDICGMQSESSFTEELCG 
GNVI SVECKVKVHSLRNSVG 
VM*YLWNAK*KFIH*GTLWG 
361/121 391/131 

GTA ACA CTT GTA TGA ACT TGC AAC AGG aGT TGA GTT TTA AGA GCA AGC CAA ATG TGT GGG 
VTLV*TCNRS *VLRASQMCG 
* HLYELATGVEF *EQAKCVG 
NTCMNLQQELSFKSKPNVWA 
421/141 451/151 

CGT ACT TCT CTG TCA AGG TAA TTT ATA TCT ATA GaG aCt ctg eta tat aag tgt ttc aca 
RTSLSR*FISIETLLYKCFT 
VLLCQGNLYL*RLCYISVSQ 
YFSVKVIYIYRDSAI*VFHN 
481/161 511/171 

*tg *tt taa ttt t*c ggc tac ttt ttt aca get gtg ggg cac ccg *gt ett ggt tec art 
MX *FXGYFFTAVGHPXLGS I 
XFNFXATFLQLWGTXVLVPF 
XLIXRLLFYSCGAPXSWFHL 
541/181 

tgg aag t*g atg aaa *aa tgt ttt a 
WKXMKXCF 
GSX*XNVL 

E X D E X M F 



Tho oonoo otrand of tho Arabidopoio coquonoo for pKLU81 with 0 Phase 
tranelation chown , Tho eoquonco ehown ie at tho 5' ond of tho oubolonc. The lgt 
phaoo io tho tamnalation from tho largoot opon roading fram ^ 
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pKLLBU 1 S .-i ^.ptmr Tnnglitinn 

PUfc ranqpianga 355 — b , gi . tqrifltnrintgg^t TrYTTTTYrTT^rT linnir 

1/1 31/11 

tgc ccc ctg gat ggc atg tgg tgc ttg gag ggt tgt ggt tgc aaa cgt gac agg CCG TAC 
CPLDGMWCLEGCGCKRDRPY 
APWMACGAWRVVVANVTGRT 
PP GWHVVLGG LWLQT * Q A V H 
61/21 91/31 

ATG CAC TGT CCA CGT AAG TTC CGC TTA CAA AAA ATT TGG TTG TAC AAG CAA TAC AGA GAG 
HHCPRKFRLQKIWLYKQYRE 
CTVHVSS, AYKKFGCTSNTES 
ALST *VPLTKNLVVQAIQRV 
121/41 151/51 

TAA GAG TAC ACA TCT CGA TGA CTT ACC TGC TGT GAT TTA ATA TTT CAG ATA TAC CGA GAA 
*EYTSR*I*TCCDLI F Q I Y R E 
KSTHLDDLPAVI * YFRYTEK 
RVHISMTTLL *FNISDIPRS 
181/61 211/71 

GTT GAA ACT CCT GGA AGA AAC AGT TTA ATC TAC CAC TCA ATA ACC AAG AAG GGA CCT TTG 
VETPGRNSLIYHSI TKKGPL 
LKLLEETV*STTQ* PRRDLC 
♦NSWKKQFNLPLNNQEGTFA 
241/81 271/91 

CAT GAA ACC CCA ATC AGT GAT CAA TAT AAG CCC CTG GGA TAT CTC GAC AGG CAA CGT TTA 
HETP ISDQYKPLGYLDRQRL 
MKPQSVINISPWDISTGNV* 

*NPNQ*SI*APGISRQATFS 
301/101 331/111 

GGA GCA AGG AGG AGT AAC ACT ACT TAT TGC TAT GAC TTC COG TTG GTT TGT TAC T 
AARRSNTTYCYDFPLVCY 
QQGGVTLLIAMTSRWFVT 
SKEE*SYLIiL * L P V G X. L 



The gtratrd uf lli e Aiabidup&ia sgqrrcTTCc fui pKLUOl vnth 0 Phaac 

trafxalation ahe tr n. The sequence jho w n is at t he 0' cud of t h e gubclon e . The 1s t 
phaoo ic the tranrJation from the largoct open reading framcu 
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/nhirinpoici V tnnrhtrri gprn r^rting fnmp FkSTA . igtinct SWISDPROT.Dula Luji » 
Scow shown arc the two bmlfiQ 

SCORES Initl: 87 Initn: 139 Opt: 125 

38.4% identity in 73 aa overlap 

10 20 30 40 50 

Arab RPYFLQAAVPLLYPCTRIMYCLFLFNFVEIRRFYGIEHGGGYDSWRKTSVVAF 

It:: : 1 1 : : 1 1 : : : I ; ; 

Rat PRLQVEHPCTEMVADVNLPAAQLQIAMGIPLFRIKDIRMMYGV SPWGDA 

440 450 460 470 480 

60 70 80 90 100 110 

Arab PFDFDKAQSIR-PKGHCVAVRVTSEXPODGFKPTSGRVQVMZYLWNAKZKFIHZGTLWGN 

1:11:::: :: 1:11 : 1 : 1 : 1 ! I : ! I : J 1 1 I : I 1 II ::: 
Rat PIDFENSAHVPCPRGHVIAARITSEMPDEGFKPSSGTVQELNFRSNKNVWGYFSVAAAGG 
490 500 510 520 530 540 

120 130 140 150 160 170 

Arab TCMNLQQXLSFKSKPNVWAYFSVKVIYIYXXSAI2VFHNXLIXRLLFYSCGAPXSWFHLE 

Rat LHEFADSQFGHCFSWGENREEAISNMVVALKELSIRGDFRTTVEYLIKLLETESFQLNRI 
550 560 570 580 590 600 



SCORES Initl: 87 Initn: 116 Opt: 117 

46*5* identity in 43 aa overlap 

30 40 50 60 70 80 

Arab LFNFVEIRRFYGIEHGGGYDSWRKTSVVAFPFDFDKAQSIR-PKGHCVAVRVTSEXPDOG 

::!!:::: : : 1:11 : 1 : 1 : 1 1 1 : 11 : 1 
Chick AAQLQIAMGIPLHRIKDIRVMYGVSPWGDGSIOFEKSAHVPCPRGHVIAARITSENPOEG 
460 470 480 490 500 510 

90 100 110 120 130 140 

Arab FKPTSGRVQVM2YLWNAK2KFIHZGTLWGNTCMNLQQXLSFKSKPNVWAYFSVKVIYIYX 
II I : II 1 1 : : : 

Chick FKPSSGTVQELNFRSNKNVWGYFSVAAAGGLHEFADSQFGHCFSWGENREEAISNMVVAL 
520 530 540 550 560 570 
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TCGACTCGATCTGAAAATATCTAGTGTTCAACAAACTTCAG 

CTGTTACATTCr r 1" 1" I'l 1 "1 ATCAAAG AAATCAC\TTATTTTAGTAACTAATCCTAACTATA^ 
ATCTTTATTCAAGTATTTGATTATCCOT 

ACTAAATCGACCTATACAGAAAAATAATATTTAAATACAATACTI41 

TTGGATGGCTTTATTGGCTTCATGATCrAGTGG 

CAAGTTTGTTCTGGTCTAGTTTTTACGGGCATTTTTA 

AAATCCCGGTGCCTTGGAAAAAAAAGGTCTCAAAGACATAAGCATACAATAAAATITGT^ 
TACAAAGTTTGGAACAAGTCAACGATGATTCGTTAATTTTCATTGCT 

InrCACAATTAACAAAAATGAGGAAAGAATGAGAGAAAGATGATAAGGTTGCCATACAATA 
TAAACCGATACCTAACTCT^ 

ATTAATATTATTTCITTGTCAATGAGACCACTTITATTCT 
GAAGAT 
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GAACTACTATT ATCTG AA TTAAC CGTGTTTTACTGTACA.GAACACATGTATTAAGCT 

CAGCAATGAAGTTTTGGTCTITG<jAGTrATTrGTCATTCATCrGAACATCTTTGTCTACAA(X 

TGTGTGCAGATGGCTGAAGTAACACGCGTGGATGCAGnTGGCCTGGTTGGGGTCATGCAT 

CTGAAAACCCCGAATTACCTGATGCCCTAGATGCAAAAGGAATCATATGTCTTGGTCCTCCA 

GCATCTTCAATGGCAGCACTGGGAGATAAGATTGGTTCTrCGTTGATTGCACAAGCTGCTrGA 

TGTACCCACTCTGCCATGGAGTGGTTCCCATGTAAGTAAATTTACTCTTGTTAAGCITGAGTA 
TTCTATAGTGTCA CCTAAATA 
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GGAGGGTCCAATTACTGTGCTCCGCCAGAAACT 
AGGTTGGCTAAGAGTGTTAACTATGTTGGAGCTGCT^ 
CACTGGGGAGTACTACTTCITAGAGCITAACXrCT 
ttmgcgttgaaatataatgaaggtccggacttgaaaattgaatgacrtgtttaacttgat 

gtttgagGTCAGGTTGAGCATCCTGTCACTGAGTGGATTGCCGAGATAAATCITCCTTCTGCCCA 

AGATATACTGTGGGGATGGGAATrCXnXJTCTGGCAAA 

TTCITACAGgcagCEgttcctcncmara 

cttmmcgtagagataagacgguaatggaatagaacatggtggagGTTATGATTCTT 
GGCGAAAAACATCTGTTGTAGCCTTCCCTTTTGATTTTGATAAAGCT 

AAAGGTC^TTGTGTGGCTGTACGTGTGACAAGTGAGGATCCTGATGACGGGTTCAAACCAA 

CCAGCGGTAGAGTTCAGgtaatgtgatatrtgtggaatgcaaa^gaaagttcattcactg 

agaactctgtgggtaacacttgtatgaacttgcaac^gGAGTTGAGTTT^ 

AAATGTGTGGGCGTACTTCTCTGTCAAGgtaattatatctatagagactctgctatataag 

tgmcacaatgmtaaatmacgacUcttttttac^ctggtggagG 

GTTCTCG 
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ctatgtaagaacctcmctcagagATTTATTTGTCTTGAAAAGTTTCT 
AATGTTCTATCTGTCC\GAAAGCAT^ 

TTATCTGGAGAAGGGGCAAATCCCTCCAAAGgtaatccaataccagggatctctt^ 
tctagtgatgttcttgtagctaactttttactcnaacttgcagcatatatctcttgtaca 



TTACGTCTCTGCAATTTCGTATITrCCT 

CCAGgc^ctaacatgaacataactgnaagagtgattagcaatgtagtccggggtggat 

cagGAACCTACAGGCTAAGAATGAACAAGTC^GAAGTGGTAGCAG 

GATGGAGGTCTGTTGATGCAGgca^gtmctgccCttttctatacUcaa 

acatgtgtcgcg cagaaaaaaa cttctggagaatc^cacttccltttcltgUUcactgtc 

attgcagttggatggcaaaagccatgtgatatatgcagagG^ 

TTCTCATTGATGGAAGAACTTGTTTGCTACAGgmctgaaatttt^ 

tmacUcacgmactgaagtcataUa^cttttaagctgtctgtcaattttggctta 

acagAATGACCATGATCCATCAAAGTTAATGGCTGAGACACCGTGCAAGTTGATGAGGTAT 

TTGGTTTCTGACAACAGCAATATTC 

GATGTGCATGCO\CTTCTTTCACCT^ 

AAGACATGCAGgttcacttcattgctaaacaaaaa^ 

cccatccattatttttttcacagGCTGGTGAAC^ 

TCTGCTGTAAGAAAGGCCGAACCCTrCCA^ 

AATATCCGGTAGAGTTCATCAGAGATGTGCCGCAACA 

CTGGCTATGAGCATAAAGTAGATGAGgtaaacactgtttgt^ 



TAATTGCX2TTGATAGCCCTGAACTCCCAT^ 
GCGACACGACTACXnAAAAATCTCAGgaacatggt^ 
gttcttatatattgatatttgttttgagttcaagacttttaatcatatcf a aaraaaactct 
ttatcagctagaatcaaagtatagGGAATITGAGAGTATTTCC^ 
ATTTCCCTGCCAAACTTTTAAAAGGCAGTC 
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CGAGTCAATTACTTGAACAGACCAAACTAAGTGAAGCnTCGTTCAAACATTGCT 
TTTCAGAGTTAGAAATGTTTACAGAGGACGGAGAAAAT ATGG ATACTCCCAAGAGGAA 
GTGCCATTAATGAAAGAATAGAAGATCITGTAAGCGCATCTITAGCrGTTGAAGACGCTCT 
CGTGGGACTATTTGACCATAGCGATCACACACTrCAAAGACGGGTTGTTGAGACTTATA^ 



tactgcaattgattecagAAAAT^ 
ACGTCGTTAAAGATAGCGTGAGgatgcagtcgc^^ 

tcttgattcctgggatttcctagagGAGCATATGGAAAGAAAAAACATTGGTTTAGACGAT 

CACGACACATCT GAAA AAGGATTGGTrGAGAAGCGTAGTAAGAGAAAATGGGGGGCTATG 

GTTATAATOVAATCITrGGAGTITCnTCCACGTATAATAC 

AGCACAACGACTATGAAACTGCCGGAGCTCCTTTATCTGGCAATA 

TGTCGGGCATCAACAACCAGATGAGTCTGCnTCAGGACAGGTACTTGACACAGTAT 



CGCAGATTATACCA< 




ittctttttg 
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ACCGAGAAGTGAACCTGAAGAAACAGTTTAATCT^^ 
TTGCATGAAACCCC^ATCAGTGATCAATATAAGCCCCTGGGATATCT 
TAGCAGCAAGGAGGAGTAACACTACITATTGCTATGACrTCCCGTrGgtttgttactgaat 
tcataagattcacacatacgcttactctt^ 

mcctmcagGCATTTGGK3ACAGCXnTGGAACrGTr 

TTAAGAAACCATATAAGGATACTCTGATCAATGTTAAAGAGCTTGTATTCrC^ 

AGGTTCTTCGGGTACATCTCrAGATCrGGTrGAAAGACCACCCGGTCTCAACGAC^ 

ATGGTTGCCTGGTGCXnAGATATGTCGACCCCAGAGTITCCTATGGGGCGGAAACITCT 

TGATTGCGAATGATGTCACCTTCAAAGCTGGTT^ 

CCTTGCTGTTACTGAACTCGCTTGTGCCAAGAAGCTTCCCTTG 

TCTGGTGCCCGACTTGGGGTT GCTGA AGAAGTCAAAGCCTGCTrCAAAGTTGGATGGTCGG 
ATGAAATTTCCCCTGAGAATGGTTTITCAGTATATATACCTAAGCC 

GGATTGGTCATCTGTCATTTGCCCATGAAGGTAAAGCTCCCTAGTGGGGGAAACTAGGGTG 
GGGTGAATTGATACGGTCGTTGGGCAAAGAAGGATGG 
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gcaagctcgaaattaac^cactaaagGGAACAAAAGCTGGAGCTCTCrTGTAAAAAACG 
TAAGAGAAGCATC^GGAGACAACTTAGCATATAAATCTT^ 
GTTCTXjCAACTCTGATATTGCAAAGGGGAAAGAAGAA 
TITAC^TGGAAGGACAATGTTAGTAA 

AACTACTGAACCAACTTGCAGAGATTGGGAATTCCTCAGATTTG 
ACTTGCTAATui 1 iq AAACAGggtataaaacaa aaorccccaaaaaaacaaggttttggtc 
cccaagtaatcctaacctgtatgccggtttttaaagccct a agt a a a tatttgtgatgcaG 

GTGGACCGT CGAA AAAGAGAAGAGCTGGTGGCTGCTATrCGAAAGGTCITGGGTTGACTGA 
TATCGAAGACTTTAGCTTCTAATCCAAGAAAGATGGACATITAAAG 
TTGGACCATCTTCCTTATATTTGTTGGTCA.CAGTTGTAAATGTT 
TCCGTATAAACAAATTACGCAATAATrCATrCAACATGTCACT 

ACTGAACCAAGACAATATAATAGTCTAAATATAAAACTGATCGGTCGACGCCCTATAGTGA 
GTCGTATTAAGCCGGCCGCGAGCTCTAGAGTC 
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TGGCTGGTAGAAGGTTGGCTAAGAGTGTTAACTATGTTGGAGCAGCTACTGTTGAATATCT 
TACAGCATGGACACGGGGGAGTACTACTTCTTAGAGCTTAACC^ 

ACCCTGTAA CTG AATGG ATTG CCG AG ATAAATCTTCCTGCrGCGCAAGTTGCTGTTGGG ATG 

GGAATTCCTCTCTGGCAAATCCCTGAGATAAGACGGTTCT 

TTACGATTCTTGGAGGAAAACATCTGTGCTAGCCTCCCXTTTO 

TATAAGGCCAAAAGGTCATTGTGTGGCTGTACGCGTGACAAGTGAGGACCCTGATGACGGA 

TTCAAACCCACCAGCGGTAAAGTACAGGAGTTGAGTTTrAAAAGCAAGCXlAAAT^ 

CTTAC^ 

TTTTTGCATTTGGGGAATCCAGAGCCTTGGC^ATA 

AATCAAAATCGTGGAAAAATTAGGACTAACGTTGACTACACGATTGA^ 

TGATTACCGGGAAAACCAAATTCACACTGGTTGGTTGGACAGTAGAATrGCT 

AGGGCAGAGAGGCCTCCATGGTACCTCTCTGTC^ 

CGACCAGTGCTGCTGTAGTCJrCGGATTATGTrGGTTATCnAGAGAAGGGACAAATT 

AAAGCATATATCTCTTGTGCATTCTCAAGTGTCTCrGAACATTGAAGGAAGTAAATAT 

TTGATGTGGTCCGGGGTGGATCAGGAAGCrACAGGCTAAGAATGAACAACT 

AGCAGAAATACACACTCTACGTGATGGAGGTCTGTTGATGCAGTTGGATGGTAAAAGCCAT 

GTGATATATGCAGAGGAAGAAGCTGCAGGAACCCGTCTTCTTATTGACGG^ 

TACTTGAG AAT GATGACGATCCTTCAA 

GTATTTGGTTTCAGATAATAGCAGTATTGATGCTGACATGCCCTACGCGGA^ 
TGAAGATGTGCATGCCACTTCTTTCACCrGCATCAGGAGTrATA 

GGACAAGCCATGCAGGCTGGTGAACTTATAGCCAAGCrrGATCTTGATGATCCTTCrGCT 

AAGAAAGGCCGAACCCTTCXIATGGAGGTTTCCCAA^ 

GTAAAGTTCATCAGAGATGTGCTGCAACTTTAAATC 

GAGGATAAAGTAGATGAGGTTGTTCAAGACTTGCTTAACT 

ATTCCTTCAGTGGCAAGAGTGCnTCGCAGTTCTGGCAAC^ 

TGATGTTAGAATCCAAGTATAGGGAATTTGAGAGTATATOCAGGAACTrCT 

TTCCCTGCCAAACI l i 1 AAAAGGCATTCTTGAGGC^ 

AGGGGTGCCCTTGAAAGGCTCATTGAACCATTGATGAGCCTTGC^ 

GTAGAGAAAGTCATGCCCGTGTTATTGTTCATTCT^ 

GAATTATTCAATGATAACATGCTGGCTGATC^ 

AGATCTGTTGAAGATTGTTGATATTGTGCTCTCACACCAGGGCATTAAAGAC^ 

TCGTTCTTCGGCTCATGGAGCAGCTTGTTTACCCTAATC 

TCCGATTCTCGAt^CTAAACCATACTAATTACTCT^ 

CTCGAAC AGA CCAAATTAAGTGAACTTCCAGCTTCAAACATTGCrAGAAG^ 

AGAAATGTTTACAGAGGATGGGGAAAATATGGATACTt^CCAAGAGGAAGAGTGCCATTAA 

TGAAAGAATGGAAGATCTTGTGAGCGCAT(XriTAGCTGTrGAAGATGCrCT 

TTTGACCACAGCGATCACACACTTCAAAGACGAGTTGTTGAGACTTATATT 

TCAGCCCTACGTCGTCAAAGAAA GCATC AGGATC 

CTTGGGAGTTCCTAGAGGAGCATATTTTCCGGAAACATTGGCTTA 
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